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® An ethylene glycol dispersion of crystalline calcium carbonate is obtained by carbonation in an ethylene 
glycol system. The dispersion may be filtered, washed, and dried to obtain a crystalline calcium carbonate, 
which can incorporated in a polyester film. Alternatively, the calcium carbonate, after being surface treated with a 
phosphate, etc. to enhance the affinity with the plastic, may be incorporated in a plastic molded product. 
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According to one aspect, the present invention relates to an ethylene glycol dispersion of crystalline 
calcium carbonate and crystalline calcium carbonate obtained from such a dispersion. 

In another aspect, the present invention relates to a plastic molded product containing calcium 
carbonate, the calcium carbonate which is produced by a carbonatlon reaction in an ethylene glycol system, 
5 being completely free of coagulation by drying, i.e.. assuming the most excellent inorganic filler, and having 
a particle distribution which Is very uniform. 

A still further aspect of the present invention is that it relates to a polyester film, which contains calcium 
carbonate produced in an ethylene glycol system, excels in lubricating properties, surface smoothness, and 
anti-wearing properties, and is free of any large projection. 
10 Synthetic calcium carbonates which have been well-known in the industries include those which are in 
the form of spindles, colloids, cubes, or poles. All of these calcium carbonates belong to either calcite or 
argonite in terms of their construction. Also, vaterite and amorphous calcium carbonates have been known. 
In the production of these calcium carbonates, a carbonatlon reaction in an alcoholic system or a system 
where an alcohol is added has been suggested. For example, a process for producing an amorphous 
J5 calcium carbonate in which the carbonization reaction is carried out in a system using an alcohol as a 
medium, as disclosed in JP-B 2-16244, a process for synthesizing vaterite in a metabolic system as 
disclosed in Adhesive Society of Japan, Vol. 21, No. 10 (1985). and a process for producing a vaterite type 
calcium carbonate in a system to which an organic medium is added, as disclosed in JP-A 63- 103824, can 
be mentioned. 

20 On the other hand, plastics which are one of the fields where the calcium carbonate according to the 
present invention is applied, are relatively inexpensive materials which have light weight, toughness, a 
capability to be molded into various shapes, beautiful appearance, and a low tendency to rot or corrosion in 
comparison with metals, ceramics, wood, and so on. There are various kinds of plastics. Various plastics 
have their inherent characteristic, for example, polyvinyl chloride has good electrically insulating properties 

25 and excellent chemical resistance, polyethylene has good electrically insulating properties, chemical 
resistance, light weight, and is easy to be molded, and polypropyrene have good mechanical strength, light 
weight, and remains relatively stable under heat application. Furthermore, polyesters, particularly polyethyl- 
ene terephthalate, have excellent physical and chemical characteristics, thus are widely utilized as films, 
fibers, and various molded products. Above all, in the film industries, a wide variety of applications for 

30 plastics, e.g.. magnetic tapes, such as audio or video tapes, packing, agricultural and OHP applications 
have been known. 

When fillers, such as calcium carbonate, titanium dioxide, silica, and talc are added to such a plastic, its 
impact strength, sliding properties, ant-wearing properties, dimensional stability, thermal expansion coeffi- 
cient, electric properties, heat resitance, and chemical resistance can be improved. The requirements to be 
35 satisfied by these particles are that: 

(1) they have a fine particle size and their particle distribution is sharp; 

(2) they have good disperstbility in the plastics; 

(3) they have good compatibility with the plastics; and the like. 

As a process for producing the calcium carbonate which is used for such a purpose, a process in which 
40 a colloidal calcium carbonate whose primary particle size is in the range of 0.04 to 0.08 micron is surface- 
treated with an alkali metal salt of a fatty acid or resinous acid, and a process in which a calcium carbonate 
whose primary particle size is more than 0.1 micron and which has a dispersibility of more than a base level 
is produced by the reaction between an aqueous suspension of calcium hydroxide and carbon dioxide gas 
and. for example, in the case of being used as a filler for a polyester, is wet-pulverized in a glycolic system, 
45 are disclosed in JP-B 2- 48174. and other literature. JP-A 1-4239 and JP-A 1-4240 disclose processes for 
improving the dispersibility in glycol and compatibility with a polyester in which the above-mentioned 
synthetic calcium carbonate is previously surface-treated with a copolymer of an alpha, beta-mon- 
oethylenically unsaturated carboxylic acid. 

However, the calcium carbonate produced by any of these methods is a calcium carbonate produced in 
50 an aqueous medium. In particular, since it is dispersed via a pulverization step in a glycol, the production 
steps are complicated and. what is more, very large particles and excessively pulverized particles are 
necessarily incorporated. Until now, no satisfactory process has yet come about concerning the shape and 
particle size distribution. 

In light of the above situation, the present inventors have been seriously studied, resulting in the finding 
55 that a process in which a calcium compound or metal calcium is carbonated in a media consisting 
essentially of ethylene glycol and the resulting product is then aged, the process being completely different 
from the conventional processes, can produce an ethylene glycol dispersion of a novel calcium carbonate, 
thereby achieving the present invention. The dispersion does not require a drying step nor a pulverization 
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step, contains a calcium carbonate having a novel shape and a sharp particle size distribution whose 
secondary particle size Is in the range of O.i to 2.0 microns, and possesses characteristics originated from 

such a calcium carbonate. 

The object of the present invention is to provide an ethylene glycol dispersion of crystalline calcium 
5 carbonate usable as an additive for improving the wearing coefficients and sliding properties of polyester 

films and fibers, and to provide an industrially valuable crystalline calcium carbonate obtainable from said 

dispersion which can be used as a filler for allowing it to be contained in plastics, represented by polyvinyl 

chloride, polyethylene, and polypropylene, thereby imparting functionalities to the plastics, and as various 

pigments, fillers, carriers for catalysts, and functional powders. 
10 According to the present invention, the above object can be attained by an ethylene glycol dispersion of 

crystalline calcium carbonate produced by carbonation in an ethylene glycol system. 

Desirably, at least one raw material selected from the group consisting of calcium oxide, calcium 

hydroxide, and calcium halides is subjected to a carbonation reaction in an ethylene glycol system, and 

then aged. 

IS The dispersion suitably possesses a secondary particle size in the range of 0.1 to 2.0 microns and a 
BET specific surface area in the range of 20-300 m^/g. 

Also, the above object is attained by a dried powder of a crystalline calcium carbonate produced from 

the above dispersion. 

Another object of the present invention is to provide a plastic molded product whose functionalities, 

20 such as strength, are .enhanced and whose added values are improved, particularly polyester film which 
possesses excellent sliding properties, surface smoothness and anti-wearing properties. 

This object is achieved by filling into a subjective plastic the remaining calcium carbonate without 
treating or after being surface-treated with a treating agent having high affinity. 

Different from those calcium carbonates which are obtained by the conventional processes, the calcium 

25 carbonate according to the present invention, which is produced in ethylene glycol, has no need of any 
drying or pulverization steps during the addition of polyester, and there is no fear of any incorporation of 
super large particles or excessively minute particles. The particles are mainly based on a sphere form, and 
the particle size is in the range of 0.1 to 2.0 microns, which significantly corresponds with the desired 
particle size. Moreover, the calcium carbonate has the crystalline structure of calcite and. thus, can be 

30 considered to be very stable during the production steps and in the finished product. Consequently, the 
calcium carbonate according to the present invention has markedly excellent characteristics as inorganic 
minute particles for improving the sliding characteristics of polyester films and fibers. Furthermore, whether 
or not a surface-treatment is carried out, the dried powder of this calcium carbonate can be used to impart 
highly functional physical properties to other plastics, such as polyvinyl chloride, polyethylene, and 

35 polypropylene. 

The present calcium, carbonate can. be. utilized not only as pigments and fillers, such as paints and 
sealants, cosmetic products, and toothpastes, but also as carriers for catalysts and functional powders, 
making use of its high BET surface area of 20 to 300 m^/g. 

The construction, function and significance of the present invention will be understood more clearly by 

40 the following description. 

The calcium carbonate according to the present invention is produced by carbonating a raw material 
calcium compound or metal calcium in a medium consisting mainly of ethylene glycol, followed by aging 
over a prescribed period. The raw materials to be used in the cartx)nati on include, but are not restricted to, 
calcium compounds, such as calcium oxide, calcium hydroxide, and calcium chloride, and metal calcium. 
45 One or more of these raw materials are suspended in ethylene glycol to prepare a raw material slurry. In 
this case ethylene glycol may contain a total of not more than 20% by weight, preferably not more than 
10% by weight of water and/or alcohols other than ethylene glycol. If too large of an amount of the solvents 
other than ethylene glycol are incorporated, the calcium carbonate having the desired shape and char- 
acteristics cannot be obtained in many cases. The concentration of calcium in the slurry in the production of 
50 the present calcium carbonate is not more than 10% by weight as the metal. If the concentration is unduly 
high, since the slurry is gelatinized to be solidified before the termination of the carbonation reaction, the 
carbonation cannot proceed perfectly. Conversely, if the concentration Is too low, the production efficiency 
becomes worse. For such reasons, the desirable calcium concentration ranges from 1.0 to 5.0% by weight. 
In the carbonation reaction, either a carbon dioxide gas or a carbonate compound may be utilized. In the 
case where a carbon dioxide gas is employed, although a pure gas obtained from a bomb may be utilized, 
an exhaust gas from a kiln during the production of slaked lime, which is industrially utilized in general, can 
also be used. As carbonate compounds, ammonium carbonate, sodium carbonate, sodium hydrogen 
carbonate, and potassium carbonate can be exemplified. In this case, since stirring by gas is not carried 



55 



3 



oi^icnnnin <ep 



05a415AlJ_> 



EP 0 522 415 A1 



out. no mechanical stirring Is necessary. The temperature of the carbonation is not specifically restricted, 
and the carbonation may be carried out at 0 to 70* C. the production thereby being easily candied out. When 
the carbonation is carried out under such conditions, the pH value of the raw material slurry decreases to 7- 
8. and the slurry is then gelatinized (in the case of a low raw material slurry concentration, the slurry may 
5 become sot, but the following explanation is made using gel except for some working example). Since no 
significant peak is observed in this gel measured by X-ray diffraction, the gel may be considered to be 
amorphous- 

Next, the gel is aged (crystallized). In the aging, the temperature is not particularly restricted. In general, 
the higher the temperature is. the faster the gel is rapture to become slurry whereby the aging is 

10 completed. For example, at a normal temperature, the aging is completed in 2 or 3 days, and at 60-1 10 • C. 
it takes 1 to 24 hours. According to X-ray diffraction, the calcium carbonate obtained as described above 
shows the calcite diffraction peak as major peaks, and a few or no vaterite peak is observed. Concerning 
the form observed by a scanning electron microscope, slight variations may be observed depending on the 
concentration of ethylene glycol and the contents of impurities. As a rule, the calcium carbonate has a 

15 construction where the primary particles of a minute particles of calcium carbonate whose primary particle 
size of less than O.l micron to 0.06 micron or diamond type particles with particle sizes of 0.1 to 2.0 
microns are assembled in a unique manner, such as radial intergrowth crystalline to form sphere. sut> 
sphere. or bi-sphere secondary particles having particle sizes of 0.1 to 2.0 microns. The BET surface area 
of the calcium carbonate is found to be 20 to 300 m-/g. 

20 The calcium carbonate according to the present invention as described above, which can be obtained in 
the form of an ethylene glycol dispersion different from the aqueous dispersion obtained according to any 
of the conventional processes, can be added in situ without drying at the step for producing a polyester. It 
can be added at any step of the polyester production, but it is prelerable to add the dispersion at any steps 
from the step for the esterification of a dicarboxylic acid component with a glycol or the initial step of the 

25 ester exchange reaction to the step where prepolymer is obtained after the reaction is ended or the initial 
step for the polyconsensation of the prepolymer. The amount added is 0.005 to 10.0% by weight, preferably 
0.02 to 5.0% by weight, based on the polyester. If the amount is less than 0.005% by weight, the resulting 
film has unsatisfactory sliding properties. Conversely, if it is more than 10.0% by weight, the surface 
smoothness and sliding properties are disadvantageously decreased. 

30 Since the polyester film according to the present invention contains as an inorganic filler the calcium 
carbonate produced in an ethylene glycol system, having a sharp particle size distribution, a little tendency 
to be stripped off from the film, it is particularly applicable for the magnet tape field which requires high 
quality image (sound), miniaturization, long term recording in comparison with the conventional polyester 
films. 

35 Furthermore, after treated in a crack system manner or washed with methanol, and then dried, the 
calcium carbonate according to the present invention without further treatment or with treating with a 
phosphate, ethylene-propylene copolymer, acrylic acid, or the like; is kneaded with polyethylene or 
polypropylene, etc., or suspended in water followed by surface treatment with sodium salt of a fatty acid or 
sodium salt of resin acid and keading with polyvinyl chloride to thereby obtain a plastic molded product 

40 excelling in physical properties. 

Fig. 1 is a scanning electron microscopic photograph showing the particle structure if calcium carbonate 

produced in Example 1 at a magnification of 50,000. 

The present invention will now be described in greaer detail by referring to the working examples and 

comparative examples. 

45 

Example 1 

Into a 3 liter round flask containing 2 kg of ethylene glycol was incorporated 100 g of industrial grade 
slaked lime with stirring to prepare a raw material slurry. At this time, the temperature of the slurry was 

50 30* C. the pH was 12.0. and the electric conductivity was 2.3 mS/cm. While stirring the raw material slurry, 
a 100% pure carbon dioxide gas was introduced at a rate o1 1 liter/minute. At the carbonation step, the pH 
level was almost constant, but the electric conductivity was gradually decreased. After 67 minutes, the pH 
level was decreased to 7.4. and the electric conductivity was decreased to 0.4 mS/cm. whereby the slurry 
was gelatinized- The temperature at this time was 40' C. 

65 The flask containing the gel was warmed in a temperature constant bath at 60" C. After 2 to 3 hours, the 
gel was substantially destroyed, and turned into a slurry again. After 24 hours, the slurry was filtered, 
washed with methanol, and dried at 110' C. The x-ray diffraction of the resulting powder only showed peaks 
originating from calcite. except for a slight peak from vaterite. The BET surface area of the powder was 
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found to be 141 m^/g. As a result of an observation by means of a scanning electron microscope, primary 
particles of about b.OOi micron were assembled in a radial form to form cubic or sub-sphere secondary 
particles having a particle size of 0.3 to 1.0 micron. The construction of the particle observed at a 
magnification of 50,000 is shown in Fig.1. 

5 

Example 2 

The gel produced under the same conditions as those of Example 1 was left standing at room 
temperature. After 2 days, the gel was destroyed to form a slurry, which was then filtered, washed with 
10 methanol, and then dried at 110* C. The X-ray diffraction of the resulting powder only showed- peaks 
originating from calcite, except for a slight peak from vaterite. The BET surface area of the powder was 
found to be 165 m^/g. As a result of an observation by means of a scanning electron microscope, the 
calcium carbonate where primary particles of about 0.01 micron were assembled in a radial form to form 
cubic or sub-sphere secondary particles having a particle size of 0.5 to 2.0 microns. 

75 

Example 3 

The gel (100 g) produced under the same conditions as those of Example 1 was incorporated in a 
beaker, and heated in a dryer maintained at 110 'C. The gel was destroyed in 1 hour to be turned into 
20 slurry. The slurry was filtered, washed with methanol, and then dried at 1 10* C. The X-ray diffraction of the 
resulting powder only showed peaks originating from calcite, except for a slight peak from vaterite. The BET 
surface area of the powder was found to be 93 m^/g. As a result of an observation by means of a scanning 
electron microscope, primary particles of about 0.01 micron were assembled in a radial form to form cubic 
or sub-sphere secondary particles having a particle size of 0.5 to 1.5 microns. 

25 

Example 4 

Into a 3 liter round flask containing 2 kg of ethylene glycol was incorporated 200 g of industrial grade 
slaked lime with stirring to prepare a raw material slurry. At this time, the temperature of the slurry was 

30 30 'C. the pH was 12.0, and the electric conductivity was 3.0 mS/cm. While stirring the raw material slurry, 
a 100% pure cartDon dioxide gas was introduced at a rate of 1 liter/minute. At the carbonation step, the pH 
level was almost constant, but the electric conductivity was gradually decreased. After 68 minutes, the 
slurry was gelatinized, while maintaining the pH level of 10.4. 

The aging of the gel was carried out under the conditions as in Example 1 . After 2 to 3 hours, the gel 

35 was substantially destroyed, and turned into a slurry again. After 24 hours, the slurry was filtered, washed 
with methanol, and dried at 110' C. The x-ray diffraction of the resulting powder .only showed peaks 
originating from calcite. The BET surface area of the powder was found to be 127 m^/g. As a result of an 
obsen/ation by means of a scanning electron microscope, primary particles of about 0.01 micron were 
assembled in a radial form to form cubic or sub-sphere secondary particles having a particle size of 0.5 to 

40 1 .5 microns. 

Example 5 

Into a 3 liter round flask containing 2 kg of ethylene glycol was incorporated 50 g of industrial grade 
45 slaked lime with stirring to prepare a raw material slurry. At this time, the temperature of the slurry was 
30" C, the pH was 12.6, and the electric conductivity was 3.0 mS/cm. While stirring the raw material slurry, 
a 100% pure carbon dioxide gas was introduced at a rate of 1 liter/minute. At the carbonation step, the pH 
level was almost constant, but the electric conductivity was gradually decreased. After 35 minutes, the pH 
level was decreased to 7.8 and the electric conductivity was decreased to 0.8 mS/cm, whereby the slurry 
50 was gelatinized. The temperature at this time was 37" C. 

The aging of the gel was carried out under the conditions as In Example l . After 1 hour, the gel was 
substantially turned into the original slurry again. The slurry was filtered, washed with methanol, and dried at 
110'C. The x-ray diffraction of the resulting powder only showed peaks originating from calcite except for a 
slight peak from vaterite. The BET surface area of the powder was found to be 278 m^/g. As a result of an 
55 observation by means of a scanning electron microscope, primary particles of about 0.01 micron were 
assembled in a radial form to form cubic or sub-sphere secondary particles having a particle size of 0.5 to 
1 .0 micron. 
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Example 6 

Into a 3 liter round flask filled with a mixture of 1 .8 kg of ethylene glycol and 0.2 kg of water, were 
incorporated 75 g of quick lime, obtained by calcining slaked lime at 500*0 for 3 hours, with stirring to 
5 prepare a raw material slurry. At this time, the temperature of the slurry was 35 • C. the pH was 12.2. and 
the electric conductivity was 4.0 mS/cm. While stirring the raw material slurry, a 100% pure carbon dioxide 
gas was introduced at a rate of 1 liter/minute. At the carbonation step, the pH level was almost constant, but 
the electric conductivity was gradually decreased. After 50 minutes, the pH level was decreased to 7.0 and 
the electric conductivity was decreased to 0.6 mS/cm. whereby the slurry was gelatinized. The temperature 

JO at this time was 46 ' C. 

The aging of the gel was carried out under the conditions as in Example 1. The x-ray diffraction peaks 
of the calcium carbonate obtained after aging agreed with those of calcite. The BET surface area of the 
product was found to be 37 mVg. As a result of an observation by means of a scanning electron 
microscope, diamond form calcite particles are assembled in the radial form to form cubic or sub-sphere 

76 secondary particles having a particle size of 0.6 to 1 .0 micron. 

Example 7 

Into a 3 liter round flask filled with a mixture of 1.8 kg of ethylene glycol and 0.2 kg of water, were 
incorporated 25 g of agent grade metal calcium and 40 g of quick lime, obtained by calcining an agent 
grade slaked lime at 500 'C for 3 hours, with stirring to prepare a raw material slurry. At this time, the 
temperature of the slurry was 38 'C. the pH was 12.5. and the electric conductivity was 3.9 mS/cm. While 
stirring the raw material slurry, a 100% pure carbon dioxide gas was introduced at a rate of 1 liter/minute. At 
the carbonation step, the pH level was almost constant, but the electric conductivity was gradually 
decreased. After 50 minutes, the pH level was decreased to 7.2 and the electric conductivity was decreased 
to 0.6 mS/cm. whereby the slurry was gelatinized. The temperature at this time was 48 'C. 

The aging of the gel was carried out under the conditions as in Example 1 . The x-ray diffraction peaks 
of the calcium carbonate obtained after aging agreed with those of calcite. The BET surface area of the 
product was found to be 110 m^/g. As a result of an observation by means of a scanning electron 
microscope, primary particles of about 0.01 micron were assembled in a radial form to form cubic or sub- 
sphere secondary particles having a particle size of 0.5 to 0.9 micron. 

Example 8 

Into a 3 titer round flask filled with 1.8 kg of ethylene glycol, was incorporated 150 g of calcium chloride 
with stirring to be suspended. Subsequently. 98 g of ammonium carbonate was dissolved in 200 g of water, 
and the solution was gradually added to the slurry of calcium chloride in ethylene glycol with stirring at 500 
rpm to carry out the carbonation. The slurry was gelatinized 2 minutes after the addition of ammonium 

carbonate. 

The aging of the gel was carried out under the conditions as in Example 1 . The x-ray diffraction peaks 
of the calcium carbonate obtained after aging agreed with those of calcite. The BET surface area of the 
product was found to be 98 m^/g. As a result of an observation by means of a scanning electron 
microscope, primary particles of about 0.01 micron were assembled in a radial form to form cubic or sub- 
sphere secondary particles having a particle size of 0.7 to 1 .7 microns. 

Example 9 

To 4 kg of ethylene glycol was added 1 kg of industrial grade slaked lime followed by stirring, the 
mixture was transferred to a 30 liter volume stainless-made reactor, and another 15 kg of ethylene was 
added to prepare a raw material slurry. At this time, the temperature of the slurry was 30 'C, the pH was 
12.4. and the electric conductivity was 3.3 mS/cm. While stirring the raw material slurry, a gaseous mixture 
comprising 30 volume% of carbon dioxide gas and air was introduced at a rate of 66.7 liter'minute. At the 
carbonation step, the pH level was almost constant, but the electric conductivity was gradually decreased to 
0.8 mS/cm. After 40 minutes, the slurry was gelatinized at a pH level of 8.0. The temperature at this time 
55 was 38 'C. 

The total amount of the gel was heated to 60" C. The gel was substantially destroyed in 2 to 3 hours to 
be turned into the slurry again. The slurry was filtered, washed with methanol, and dried at llO'C. The x- 
ray diffraction peaks of the resulting powder agreed with those of calcite. The BET surface area of the 
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product was found to be 163 m^/g. As a result of an observation by means of a scanning electron 
microscope, primary particles of about 0.01 micron were assembled in a radial form to form cubic or sub- 
sphere secondary particles having a particle size of 0.3 to 1 .0 micron. 

5 Example 10 

To 4 kg of ethylene glycol was added 670 g of slaked lime followed by stirring, the mixture was 
transferred to a 30 liter volume stainless-made reactor, and another 15 kg of ethylene was added to prepare 
a raw material slurry. At this time, the temperature of the slurry was 34- C, the pH was 12.2. and the electric 

70 conductivity was 3.8 mS/cm. While stirring the raw material slurry, a gaseous mixture comprising 30 
volume% of carbon dioxide gas and air was introduced at a rate of 66.7 liter/minute. At the carbonation 
step the pH level was almost constant, but the electric conductivity was gradually decreased to 0.8 mS/cm. 
After 40 minutes, the slurry was gelatinized at a pH level of 7.2. The temperature at this time was 44 'C. 
The total amount of the gel was heated to 60" C. The gel was substantially destroyed in 2 to 3 hours to 

75 be turned into the slurry again. The slurry was filtered, washed with methanol, and dried at 110* C. The x- 
ray diffraction peaks of the resulting powder agreed with those of calcite. The BET surface area of the 
product was found to be 166 m2/g. As a result of an observation by means of a scanning electron 
microscope, primary particles of about 0.01 micron were assembled in a radial form to form cubic or sub- 
sphere secondary particles having a particle size of 0.2 to 1 .0 micron. 



20 



Example 1 1 

In a 3 liter round flask. 1 .8 kg of ethylene glycol and 0.2 kg of water were mixed, 200 g of industrial 
grade slaked lime was incorporated therein with stirring to prepare a raw material slurry. At this time, the 

25 temperature of the slurry was 30 'C. the pH was 12.0. and the electric conductivity was 3.0 mS/cm. While 
stirring the raw materia! slurry, a 100% pure carbon dioxide gas was introduced at a rate of 1 liter/minute. 
After 54 minutes of the carbonation. the slurry was gelatinized at which pH level was 10.8. 

The aging of the gel was carried out under the conditions as in Example 1. The gel was destroyed after 
2 hours and turned into the slurry again. The slurry was filtered, washed with methanol, and dried at 110 'C. 

30 The x-ray diffraction of the resulting powder only showed the peaks originaling from calcite. The BET 
surface area of the product was found to be 54 m^/g. As a result of an observation by means of a scanning 
electron microscope, primary particles of about 0.01-0.04 micron were assembled in a radial form to form 
cubic or sub-sphere secondary particles having a particle size of 0.5 to 1.0 micron. 

35 Example 12 

* 

In a 3 (iter round flask. 1 .8 kg of ethylene glycol and 0.2 kg of diethylene glycol were mixed, and then 
200 g of industrial grade slaked lime was incorporated there in with stirring to prepare a raw material slurry. 
At this time, the temperature of the slurry was 30- C, the pH was 12.0. and the electric conductivity was 2.0 
40 mS/cm. While stirring the raw material slurry, a 100% pure carbon dioxide gas was introduced at a rate of 1 
liter/minute. After 51 minutes of the carbonation. the slurry was gelatinized at which pH level was 11.0. 
electric conductivity was 2.0 mS/cm. and the temperature was 51 'C. 

The aging of the gel was carried out under the onditions as in Example 1. The gel was destroyed after 
4 hours and turned into the slurry again. The slurry was filtered, washed with methanol, and dried at 110* C. 
45 The x-ray diffraction of the resulting powder only showed the peaks originating from calcite. The BET 
surface area of the product was found to be 44 m^/g. As a result of an observation by means of a scanning 
electron microscope, primary particles of about 0.01-0.04 micron were assembled in a radial form to form 
cubic or sub-sphere secondary particles having a particle size ol 0.7 to 1 .0 micron. 

50 Comparative Example 1 

In a 3 liter round flask. 1 kg of ethylene glycol and 1 kg of water were mixed, and then 200 g of 
industrial grade slaked lime was incorporated therein with stirring to prepare a raw material slurry. At this 
time the temperature of the slurry was 24.5*0. the pH was 12.0. and the electric conductivity was 5.6 
55 mS/cm. While stirring the raw material slurry, a 100% pure carbon dioxide gas was introduced at a rate of 1 
liter/minute. At the carbonation step, the pH level was almost constant, but the electric conductivity was 
gradually decreased. After 70 minutes, the pH level was decreased to 7.2, and the electric conductivity was 
decreased to 0.2 mS/cm. whereby the slurry was gelatinized- The temperature at this time was 44* C 
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The slurry was filtered, washed with methanol, and dried at 110"C. The x-ray diffraction of the resulting 
powder only agreed with calcite. However, the BET surface area of the product was found to be 18 m^/g. As 
a result of an observation by means of a scanning electron microscope, calcite particles of about 0.02-0.2 
micron were aggregated to form a pole state. 

5 

Comparative Example 2 

In a 3 liter round flask, 1 .4 kg of ethylene glycol and 0.6 kg of water were mixed, and then 200 g of 
industrial grade slaked lime was incorporated therein with stirring to prepare a raw material slurry. At this 
70 time, the temperature of the slurry was 20 'C. the pH was 13.0, and the electric conductivity was 4.4 
mS/cm. While stirring the raw material slurry, a 100% pure carbon dioxide gas was introduced at a rate of 1 
liter/minute. At the carbonation step, the pH level was almost constant, but the electric conductivity was 
gradually decreased. After 70 minutes, the pH level was decreased to 7.2, and the electric conductivity was 
decreased to 1 .2 mS/cm. but no change in the properties of the slurry could be observed. The temperature 

;5 at this time was 43 ' C. 

The slurry was filtered, washed with methanol, and dried at 1 10* C. The x-ray diffraction of the resulting 
powder only agreed with calcite. However, the BET surface area of the product was found to be 8 m^/g. As 
a result of an observation by means of a scanning electron microscope, calcium carbonate whose major 
axis is 1 .0-2.5 microns was in form a spindle. 

20 

Comparative Example 3 

Into a 3 liter round flask filled with 2 kg of diethylene glycol. 10.0 g of Industrial grade slaked lime was 
incorporated with stirring to prepare a raw material slurry. At this time, the temperature of the slurry was 
25 30 • C. the pH was 13.5. and the electric conductivity was 0.0 mS/cm. While stirring the raw material slurry, 
a 100% pure carbon dioxide gas was introduced at a rate of 1 liter/minute. However, even after the 
introduction of carbon dioxide gas over a period of 3 hours, neither pH change nor gelatinizatlon was 
observed. The slurry was filtered, dried at 110" C. and the X-ray diffraction was carried out. As a result, 
diffraction pattern of calcium hydroxide was seen. 

30 

Comparative Example 4 

Into. a 3 liter round flask filled with 2 kg of propylene glycol, 100 g of Industrial grade slaked lime was 
incorporated with stirring to prepare a raw material slurry. At this time, the temperature of the slurry was 
35 30* C. the pH was 13.0. and the electric conductivity was 0.1 mS/cm. While stirring the raw material slurry, 
a 100% pure carbon dioxide gas was introduced at a rate of 1 liter/minute. However, even after the 
introduction of carbon dioxide gas over a period of 3 hours, neither pH change nor gelatinizatlon was 
observed. The slurry was filtered, dried at 110' C. and the X-ray diffraction was carried out. As a result, 
diffraction pattern of calcium hydroxide was seen. 

40 

Example 13 

The calcium carbonate obtained in Example 1 was incorporated in a Henschel mixer, and an ethylene- 
propylene copolymer (prulonic) was sprayed at a rate of 5 parts per CaCOs. stirred, dried, and then ground 
45 Into powder by pulverization with a hammer mill. A test for kneading the powder with a polyethylene was 
carried out. and the results are shown as follows: 
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Table 1 

Rormul a t ioo 

LDPE (produced by UCC, DYNH.M=21, 000, 100 Parts 

M=1.5-2.4) 



0 o Ui f 1 C 






50 parts 


Filler 


Example 13 


Connie r c e 
CaCOs 


Comne r c e 
Ta 1 c 


Tensile Strength 

cm ) 


145 


93 


134 


Yield S t r e 0 g t b 
(kg/cm^) 


132 


93 


120 


EloDgat ioo at 
Break (%) 


58 


57 


49 


Yield Elongation 


25 


22 


17 


Tensile modulus 
(kg/cm^ I 102) 


49 


31 


35 


Hardness 
(Shore) 


55 


53 


51 



Example 14 

The calcium carbonate obtained in Example 1 was incorporated in a Henschel mixer, and a diester of 
phosphoric acid was sprayed at a rate of 5 parts per CaCOa. stirred, dried, and then ground into powder by 
pulverization with a hammer mill. A test for kneading the powder with a polyethylene was carried out. and 
the results are shown in Table 2. 

Comparative Example 5 

A colloidal calcium carbonate of 0.04 micron obtained by introducing carbon dioxide gas into a suspo- 
emulsion of line having a concentration of 5% at 15' C was aged at 2 days at SO'C to produce a cubic 
calcium carbonate of 0.3 micron. The suspension was concentrated to 15%. and surface treated by adding 
diester of phosphoric acid at a rate of 5 parts per CaCOs. followed by drying, grinding into powder. The 
powder was kneaded with polypropylene as in Example 14. 

The results of PP test concerning Example 14 and Comparative Example 5 are as follows: 
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Table 2 



FormulatioD 





PP (p reduced by 


Mi t s u i 


To a t $ u , 




100 


parts 


10 


JHH-G, M16 
Samp I e 








30 


parts 


75 
















Filler 


Example 
14 


Comp . 
Ex. 5 


Coisme roe 
CaCOa 




Jpn. 
Clay 


20 


Tens i 1 e St r eng th 
(kg/cm^) 


310 


265 


270 




290 


25 


hJoDgstion at 
Break {%) 


Q (\ 
J u 


fid 


60 




90 




Hardness 
(Shor e) 


72 


68 


70 




72 


30 
35 


1 2 od impact 
Resistance* 
(kg^cm/cm^) 


3. 2 


2.7 


2.5 




2.4 


Flowab i 1 i t y ** 


4. 1 


3.4 


3.5 




1.8 


40 


*: Notched, Cross- 


sect ion 


of notched 


p 0 r t i 0 n : 6 


mm 





45 



width X 10 mm thickness, 30*C 

Variable flow tester, load: 20 kg/cm^. Temp 180t:, 



50 



Nozzle 1 mm ioner diameter x 10 mm 



Example 15 

55 The calcium carbonate obtained in Example 1 was dispersed in water to prepare an aqueous 
suspension having a concentration of 15%. and surface treated with a sodium salt of fatty acid at a rate of 3 
parts per CaCOs. followed by drying, grinding into powder. The powder was kneaded with polyvinyl 
chloride. 
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Comparative Example 6 

The calcium carbonate of 0.3 micron without any treatment obtained in Comparative Example 5 was 
surface treated with a sodium salt of fatty acid as in Example 15. and the resulting powder was kneaded 
with polyvinyl chloride. 

The results of PVC test concerning Example 15 and Comparative Example 6 are as follows: 



Fo rmu I a i ion 



Table 3 



15 



Geon 103EP-8J 



Lead stearate 



100 parts 



1 part 



20 



Tr ibas ic lead sulfate 



Filler 



3 parts 



30 parts 



25 



Mixing; at 160T;, for 5 minutes using a 8'* x 16 roll 
Molding; at lUX^ for 10 miuutes by press molding 



30 



35 



40 



Filler 
Example 15 
C 0 m p . Ex. 6 
Comme r c e 
Collidal CaCOs 
Comme r € e 
Heavy CaCOa 



l2od Impact Strength 
(kg-cm/cm^) V-Notched 
10.5 
6.0 



7. 5 



3.4 



Hardness 
(Shore) 
89 
86 



86 



86 



45 



Example 16 

50 A poly condensation was carried out in a conventional manner using terephthalic acid as an acid 
component and ethylene glycol as a glycol component to which the calcium carbonate obtained from 
Example 9 was added in an amount of 0.3% by weight (solid amount) to obtain a polyester containing 
calcium carbonate which had an inherent viscosity of 0.62. The polyester was dried in a conventional 
manner, extruded into a non-stretched sheet. The sheet was then stretched 5.0 times in a machine direction 

55 at 125" C followed by stretching 3.8 times in a cross-machine direction at 115*C. A thermal treatment off 
the sheet at 210' C for 10 seconds gave a 15 micron thick bi-axially stretched polyester film. 

Example 17 
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Example 16 was repeated except that the calcium carbonate obtained from Example 10 was used. 
Comparative Example 7 

Example 16 was repeated except for using comparative sample A obtained by dispersing a commer- 
cially available synthetic calcium carbonate of 0. 50 micron in ethylene glycol by stirring in a homogenizer 
at a high rotation. 

Comparative Example 8 

Example 16 was repeated except for using comparative sample B obtained by dispersing a commer- 
cially available synthetic calcium carbonate of 0.25 micron in ethylene glycol by stirring in a homogenizer at 
a high rotation. 

15 Comparative Example 9 

Example 16 was repeated except that comparative sample 0 was produced by dispersing a commer- 
cially available synthetic sphere silica of 0.30 micron in ethylene glycol by stirring in a homogenizer at a 
high rotation, and 0.23% by weight of the resulting comparative sample C was added in place of adding 
20 0.3% by weight (solid weight) of calcium carbonate obtained from Example 9. 

Comparative Example 10 

Example 16 was repeated except that comparative sample D was produced by dispersing a commer- 
25 cially available synthetic sphere silica of 0.28 micron in ethylene glycol by stirring in a homogenizer at a 
high rotation, and 0.23% by weight of the resulting comparative sample D was added in place of adding 
0.3% by weight (solid weight) of calcium carbonate obtained from Example 9. 



Comparative Example 1 1 

Example 16 was repeated except that comparative sample E was produced by dispersing a commer- 
cially available synthetic titanium dioxide of 0.25 micron in ethylene glycol by stirring in a homogenizer at a 
high rotation, and 0.43% by weight of the resulting comparative sample E was added in place of adding 
0.3% by weight (solid weight) of calcium carbonate obtained from Example 9. 

Comparative Example 12 

Example 16 was repeated except that comparative sample F was produced by dispersing a commer- 
cially available synthetic titanium dioxide of 0.21 micron in ethylene glycol by stirring in a homogenizer at a 
40 high rotation, and 0.43% by weight of the resulting comparative sample F was added In place of adding 
0.3% by weight (solid weight) of calcium carbonate obtained from Example 9. 
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The sliding properties, surlace smoothness, anti-wearing properties, and the numbers of extra large 
projection of the polyester films produced in Examples 16 and 17 and Comparative Examples 7 to 12 were 
measured. The results are shown in Table 4 all together. 

The sliding properties, surface smoothness, anti-wearing properties, and the number of extra large 
projection were measured as follows : 
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(1) Sliding properties: 

A static friction coefficient was measured according to ASTM-D-1894B. and classified into 3 ranks 
based on the value obtained, which was used as the Index of the sliding properties. 

5 



Friction Coefficient 


Sliding 




Properties 


Less than 1 .2 


1 


not more than 1 .2 and less than 2.0 


2 


not less than 2.0 


3 



The smaller the value of the friction coefficient, the better sliding properties are. 

(2) Surface Smoothness: 

The surface smoothness was measured according to JIS B0601 using a surfcom surface smoothness 
tester. The roughness of the center line (Ra) was measured under the conditions: needle diameter: 2 
microns load- 70 mg, base length of measurement : 0.25 mm, cutting off: 0.08 mm. 

20 

(3) Anti-wearing Properties: 

A roll in the tape form obtained by slitting the film in the short length direction was rubbed with a guide 
roll made of stainless steel running at a high speed tor a long period. The amount of white powder 
generated on the surface of the guide roll at a constant applied tension was classified into 5 ranks. 



Anti-wearing 
Properties 


Amount of White Powder Generated 


1 


No 


2 


Slight 


3 


Generation 


4 


Large 


5 


Very Large 



(4) Number of Extra large projection 

After aluminum thin film was deposited on the surface of the film, the number of extra large projection 
of tetra- or more ring was counted (the number per mm^ of the area measured) using a two-beam 
Interference microscope, and the degree of the number of the extra large projections were classified into 5 
ranks. 



Rank 


Number of Extra large projections 


1 


0-3/mm2 


2 


4-7/mm2 


3 


8-l1/mm2 


4 


12-15/mm2 


5 


16 or more/mm^ 



Claims 

55 



1. An ethylene glycol dispersion of crystalline calcium carbonate produced by carbonation In an ethylene 
glycol system. 



14 



RN.SnaC«> <EP _0522415A1 J.> 



J 



^ EP 0 522 415 A1 



2. A crystalline calcium carbonate obtained from the dispersion of claim 1 



3. The ethylene glycol dispersion of crystalline calcium cartwnate according to claim 1 . which comprises 
subjecting at least one calcium compound selected from among calcium oxide, calcium hydroxide. 

5 calcium halide. and metal calcium to be carbonated in a medium containing at least 80% by weight of 

ethylene glycol, followed by aging. 

4. A crystalline calcium carbonate obtained from the dispersion of claim 3. 

70 5. The ethylene glycol dispersion of crystalline calcium carbonate according to claim 1. wherein the 
secondary particle size is within the range of 0.1 to 2,0 microns, and BET specific surface area is in the 
range of 20 to 300 m^/g. 



75 



6. A crystalline calcium carbonate obtained from the dispersion of claim 5. 

7. A plastic molded product containing a calcium carbonate, which is produced by a carbonation in an 
ethylene glycol, either with or without surface treatment with a treating agent having a high affinity with 
the plastic. 

20 8. The plastic molded product according to claim 7. characterized in that said calcium carbonate is 
. obtained by subjecting at least one calcium compound selected from among calcium oxide, calcium 
hydroxide, calcium halide, and metal calcium to be carbpnated in a medium containing at least 80% by 
weight of ethylene glycol, followed by aging. 

25 9. The plastic molded product according to claim 7. where in said calcium carbonate has a secondary 
particle size in the range of 0.1 to 2.0 microns, and BET specific surface in the range of 20 to 300 m^/g. 

10. A polyester film containing a calcium carbonate, which is produced by a carbonation in an ethylene 
glycol, either with or without surface treatment with a treating agent having a high affinity with the 

30 plastic. 

11. The polyester film according to claim 10. where in said calcium carbonate is contained in an amount of 
0.005 to 10.0% by weight based on the polyester. 
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